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Report of Drs. Colie and Avery (assisted by Drs. Dubos, Goebel, Goodner,

Horsfall, Hotenkiss, .acleod und Stillman)

1. The chenical and specific properties of pneumococcus enti-
bodies,

2. Antipneuasococcus rabbit serun as a tnerapcutic agent in iober
pneumonia.

3. Tne autolytic system of pneuwnococci and its reaction to the
antigenicity of tne ceiis.

4. The action of tissue enzymes upon bacteris.

5. Thne production of specific enzyaes by bacteria as a tool in
biochemical analysis.

6. The transformation of specific types of pnecumococcus.

7. The antigenic mosaic of pneunococcus - the so-calied Z sub-
stance.

8. Compsrative virulence of pneumococcus implanted on the mucous
membranes of mice by the inhaiation method.

9. Conjugated carbohydrate-protein antigens containing giucuronic

and galacturonic acids.

’ 1
Tne cnemicai and specific properties of antibodies and of tne fac-

tors wnicn condition thneir benaviour. (Goodner ana Horsfali) A. The pro-.

tective action of entibodies. The work on this subject nas been great.y

stimulated by the recognition that immune sera from animals of different
species, although produced witn the same antigen and reacting specificaliy
with tnis antigen, may differ greatly in their immunological properties.

For instance, the antibodies present in antipneumococcus norse serum differ
in size, solubllity, and degree of specificity from tnose in anti-pneumococc-

us rabbit serum. The optimum physicel conditions for the interaction be-
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tween antigen and antibody differ for the two kinds of sera and the immune
precipitutes formed with the specific poljysaccanarides are distinctive in
appearance. LEvidence nhas been presented waich suggests that the antibody
in norse serum is & lecithoprotein, wnile tnet in imnune rabbit serum is
possibly a ccphaloprotein. Indeed, it hus been shown that tnese entisera
differ in at least thirty respects,

An intensive study has been carried out as to the mouse protective
value of nine antipneumococcus sera with reference to their apparent anti-
body content as determined by in vitro methods. The amounts of "antibody
nitrogen" were determined by tine method of Heideiberger and Kendall. The
mouse protective values were obtained with the method of Kirkbride end
Hendry, the results being &enalysed according to the ifeunch 50 per cent end-
point system. Fromn the dats summarized in Tabie T it wilil be noted that
the results lend themse.ves to an «rrangement by groups.

Teblie I

The fProtective Vaiues of Antipneumococcus Sert. with Reference to Antibody

Content
Group |Serum | Nature of Serum Protective Specificaiiy Protective
units per | precipitabie Jjunits per mg.
cc. of nitrogen precipitabie
serun | mg/cc . [nitrogen. . ..;
I 1 |Horse - raw 440 0.894 550
2 " " 555 1.02 550
3 " " 760 1.50 510
4 " concentrated | 3145 - 5.75 550
11 1 " raw 1000 1.167 860
2 " concentrated | 6100 7.1L5 . BBS
111 1 |Rabbit - raw 1070 0.938 1140
2 " " 1830 1.40 1300
3 " " 1910 1.51 1265
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In each of these groups are inciuded sera wnich have simiiar pro-
tective properties with reference to the amount of antibody nitrogen. Taus
Group I comprises those horse sera whicn snow approxiamatesy 55U protective
units per mg. of specificasly precipitabie nitrogen. In our experience tne
majority of norse serwu, botn raw una concentrated, rais into tnis grouy.

The two horse sera of the second group suow a reiativesy aign protective
index and are to be regarded as exceptionai and atypicar. Tne imamune rabbit
sera form a group unto themseives &and are characterizea by uigh protective
index.

It seems therefore, that the emount of protein precipitated by
means of the specific polysaccharide is not an accurate index of the amount
of specific antibody. The amount of protein precipitated is dependent to
some extent on physical conditions such as time, temperature, diiution, etc.
Furthermore, just as it has been shown that iipids are readily edsorbed by
these immumne precipitates, so too is it possible that various proteins, oth-
er than the specific antibody, msy zlso be adsorbed. It has been shown thut
precipitates frequentiy contain not oniy the specific antibody but siso
other antibodies wnich happen to occur in tne serua. -

" - The higner protective ratios in the case of rubbit sers efre par-
tiaiiy expiicubie on éne basis that the antibodies in iuimune norse serua
are seversl times iurger than those in imoune rabbit seruan end consequent.iy
the proportion of surface to mass is much sme.ier.

The immune sera mey contuin mixtures of untibodies of vcrious cap-
abiLiﬁiés. This possibility is supported by tne foilowing points:

a. From antipneumococcus horse serum there nus been isoiuted in
a stute of immunological purity, i.e., complete precipitability upon the
addition of the capsular polysaccharide, & substance of the ncture of o

lipo-protein which gives a protective vuiue of 1550 units per mg. of
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specifically precipituble nitrogen. Tnis wsteriui contuing 4..3 per cent
lipid, has the properties of &n eugiobuliin end reucts repidiy witn the poly-
saccheride in the formation of immune precipitutes. It wiil be noted tnat
this protective value is about twice that of the antibody of the best un-
purified horse serum &nd taree times thut of tne usuai immune horse serum.
b. In addition, a second form of antibody hus been obtained.
Its precise nature is as yet uncertain because in the form now at hand it
is only 92 per cent precipiteble. However, the properties of this material
are very different from those of the first isoleted entibody. Tnis second
substance is water soluble (except et its isoetectric point), beneves es a
pseudo-giobuiin toward ammonium suiphute, reucts siowsy with tae poiysecc-
cheride, in contrast to tne first described antibody, t¢nd nus & 1ipid con-
tent of approxiauteiy 3 per cent. usoreover its protective qua.ities are
iow, about 30UV units per ug. of precipitubie nitrogen.

B. Antipneumococcus rebbit serum &8 & therspeutic agent in .ober

pnewnonis. (Horsfail end Goodner) With increased knowieage of the con-

trasting properties of antipneumococcus horse und rabbit sers, it beceme

apparent that the latter might prove the more usefui therspeutic ugent in
humen lobar pneumonie. The indications for its use were as foliows:

1. The specific antibodies in antipnewnococcus rabbit serum are
much smaller than those in antipneumococcus horse serum us judged both by
ultrefiltration and by ultracentrifugution. Since tne infective processes
of lobar pneumonis and many of its complications ure cherccteristically of
en extra-vascular order, it is necessary thet the antibodies pass thrcugh
the vascular membranes. Other factors constent, the smeiler the antibody
tne imnore effective shouid be its penetrztion into the tissues.

. Under certuain circumstences antipneumccoccus noerse serwn con-

fers no protection to mice. Tnus with messive infectiuns, if eacunts of
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serum in excess of a definite optimum are used, the antibodies are in-
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effective. In proportion to body weight these amounts of serum are not
greater than nave occasionaily been administered to patients. This prozone
effect is not obtained with antipneumococcus rabbit serum. Secondiy, the
protective action of imaune norse serua is coapiete.y sborished by the ad-
dition of smaii amounts of either cnosesteros or cepus.in. Tnese .ipids do
not effect the protective action of tne rabbit entiboay. It seeaned possibie
tnat this situation aight be opx:rative in the specific theragy of .obar
lpneumonia in certain types of patients.

3. Iomune rabbit sera are mucn more easi.y produced. For any
given type of pneumococcus an effective serum uwsy be produced in rabbits in
as short a period as four weeks whereas amany montins ure required with the

horse. Furthermore, the cost of producing rebbit serum is much less, (about

one-fifth) than that of producing concentrated horse serum. Because raw
immune rabbit sera possess high protective potencies, concentration is not
so impprtant as in the case of horse serum. Practiceily all rsbbits wiil

produce serum of high potency wnile meny horses will not produce effective

serum.

Since there seemed to be no obvious contraindication to the use
of type-specific antipneumococcus rabbit serum in humun lobar pnewaonis,
this tnerapeutic agent was first used in those types witn which a consid-
erabie experience had been obtained with tne corresgonding horse inmune
serun. Twenty-two patients with iobar pneumoniaz have now been treatea. By
types these are divided cs foliows: Type I, 10 putients; Type II, 4 pe-
tients; Type VII, 3 patients; &nd Type VIII, 5 putients. In tweive of
the 22 patients, pouitive blood culturcs were .btained before serum weas

sdministered, in seven there was consolidution of two or more iobes, und
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in three, pleural exudates containing large numbers of pneumococci were pre-
sent.

Of these twenty-two patients, twenty-one recovered. 1In the fatal
case, death occurred following rupture of tine aorta five weeks after the onset
of the disease. Crisis occurred on an average <6 hours after the institution
of serum therapy. With improvements in the techniyue of serum adininistration
this time interval has become much snorter, the average for the .ast five
cases being J nours.

The average totai amount of immune rabbit serum aduinistered,ir-
respective of the type, was iSY cc. per case. It is of interest that the
average dosage in tne ten Type I patiiunts was 14 cc. wnereus in the iast
437 patients treated with unconcentrated Type I horse serum, the aversge dos-
age was 440 cc.

In the first cases treated, chill reaction not infrequcntiy followed
the administration of rabbit serum. It was found, nowever, that the frequen-
cy and severity of these reactions viere much less if the serum employed h d
been heated to 56° and adsorbed with sterile kaolin. Finally it has been
found that the chills may be entirely prevented if acetylsalicylic acid be
administered simulteneously with the first injection of this hested and ad-
sorbed serum. On the other hand acetylsalicylic acid is not able to prevent
chills following the use of untreuted serum. In no cases have angphylactoid
reactions occurred.

Br combination of the procedures mentioned, it has been possible to
entirely eliminate any untoward symptoms in the recent cases.

Recovery witnout operation occurred in two patients with grossiy
infected pieural exudates, and it wes possibie to demonstrate that tne fiuid

from these cases contcined type specific antiboudy of .abbit origin. In one
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patient, antibody was not demonstrable in the pleural fiuid, and euwpyema sub-
sequently developed.

This brief summary of the results obtained in a short series of
severe cuses does not adequately convey the favorzble ciinicai imgression
which the use of antipneumococcus rabbit serum nus created. It is noped tnet
additional experience will confira tne impression now neid taat the empioyment
of rabbit serum marks &« distinct udvence over tae use of norse serum in tne
treatiuent of lobur pneumoniu.

The autolytic system of pneumococci. (Dubos) (a) Reietion to the

antigenicity of the ceils. Under upproprizte conditions, the immunization of

rebbits with suspensions of virulent, encapsuicnted pneumococcl brings about
the production of type specific antibodies directea zgainst the capsular poly-
saccharides of the organisms used &s antigens. However, it is known that when
pneumococci are disintegrated by autolysis, by treutment with bile salts, or

by freezing and thawing, they fail to incite rabbits to produce these partic-

ular antibodies. It has been found that, to be soluble in bile, or to be

liable to disintegration by repeated freezing end thawing, pneumococci, living

or dead, must still possess in an active form some, at iezst, of their auto-
iytic enzymes; furthermore, the disintegration cun teke plice only when con-
ditions are fevorable for enzymatic action. It appears therefore thaf asil
methods comasonly used to uchieve a dissoiution of pneusococci invoive as a
necessary step the action of at least one or u few of tne enzymes whicn con-
stitute the sutoiytic system of thne cells.

A study nas been nude of the action of purified preparations of the .
autolytic enzymes uppn pnewsococcl and other substrates. It hus been found
in particular that thuse enzyme preparations are capable of inactivating the
capsular polysaccharide antigens of virulent pneuwococci. To achieve this

inactivation, it is not mecessary to bring tbout & complete dissolution of
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the bacterial ceils; it is mereiy sufficient to cause a .imited aiteration
of the ceiiu.ar structure sucn tnat tne iutter nas .ost its abi.ity to re-
tain the Gram strain, but stiii retains its essentie. morgnoiogicae. char-
acteristics. The structure wnich carries tne cepsuliar posysaccnaride anti-
gen wnich deteraines tue Graa positive reaction or tne ceis has been found
to be destroyed Ly the baucterioiytic enzyuae but to be resistant to comaon
proteolytic and lipolytic enzymes. It nas & iow nitrogen content (about 8%)
and accounts for less than X5 per cent of tne originai weignt of the cesl.

The bacteriolytic enzyme aiso possesses tne property of reieasing
reducing sugars from acetyl anino glucose giucuronides of animal and buc-
terial origin wnich are otherwise very resistunt to enzymstic action.

It is hoped that a continued study of the inechanisa of action of
bhe bacteriolytic enzyme may reveal information reiuted to tne antigenic
structure of pneumococci. But in eny case, tne fact that tnis enzyme is
capable of destroying the type specific antigenicity of tnis group of micro-
organisms does empnasize tne importence of minimizing tne cnences of e.ter-

ations duu to enzymatic action in tne course of preparztion of bacteria.

antigens.,

(b) Tne action of tissue enzymes upon bacterig (Dubos) The

immunization of rabbits with neat kiiled pneumococci by the intraderma.
route fails to incite the production of tne type specific carbohydrate
antibodies which would follow immunization by tne intravenous route. Tais

lack of antigenic response suggested the existence in the skin of a mech-

anism capable of inactivating the capsular polysaccharide entigen of pneu-
mococci.

In fact it has been possible to isoliate from different tissues
and from leucocyteé an cgent endowed with the foliowing activities; &) it

decomposes yeast nucieic acid without, nowever, relessing free phosphoric
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acid in solution, b) it attacks heat killed bacteria (pnewaococeci, strep-
tococci, staphylococci) and yeasts, destroying their affinity for the basic
dyes but without causing a disintegration of the cellular structure, c) it
renders ineffective in rebbits the type specific antigen of pneumococci.

The agent responsible for these different types of action appears
to be a protein with enzyme-like properties wilch is rapidly inactivated by
pepsin, and more slowly by trypsin. It is very resistant to heat, especially
at acid reuctions. The registance to heating is explained by the fact that
the agent is denatured at temperutures above 80°C, but thet the denaturstion
is rapidly reversed on cooling.

It appears therefore thet there exist in tissues, agents of zn
enzyme-like nature which ure nheut resistant, end capuble of sttacking and
modifying the untigenicity of injected mctericls.

(¢c) The production of specific enzymes by bacteria as a toos in

biochemical analysis. (Dubos) In previous years & technique has been des-

cribed for the production of a bacterial enzyme capeble of decomposing the
capsular polysaccharide of Type III pneumococcus. This enzyme exhibits &
remarkable specificity since it does not decompose any other polysaccheride
tested, not even the capsular polysaccharide of Type VIII pneumococcus waich
is very closely related to Type III polysaccharide both chemically and sero-
logically. The production of the enzyme alsc exhibits zn interesting char-
acter of specificity. Whereas the microorganism which produces it can grow
readily end abundantly on all sorts of laboratory media, it fails to produce
the specific enzyme except when compelled to utilize the Type III polysacch-
asride in the course of its growth.

Tﬁese observations suggested the possibiliity of developing a

method for the production of enzymes specificaily directed aguinst definite
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Therc are no setisfectory chemicus uwetanods for tne determination
of creetinine in tissue cnd body fiuids. It wces taerefoure of intercst to
ubtiin an enzyme capebie of decomposing this substunce. To thnis ena, four
bucteried specics captbie of ettucking crectiunine werce obtiinca in ure cua-
ture., Custures of une of tihese specles ms yiewaqed tn enzyic prepure:tion
cum bis of decoamposing creatinine intu ured wna pgrubebly swrcosine. Tae
action of tais enzyme is specific. Of wii tne otuaer substrutes tested, onuy
creatine, giycocyamiuine und S-umethyi glycocywmidine, substunces ciosesy re-
lated to creatinine, tre aiso attucked.

The bucteriul culture grows reuaisy on peptone soiutions but in-
terestingly enougn it produccs the specific enzyme oniy when compelled to
utilize creatinine in synthetic medic. Tne situution is taerefore cumpur-
able to that described for the productiun of the enzywe wnich decomposes the
capsular polysaccheride of Type IIT pneuaocuccus.

It apperrs tnerefore that a method is wveiicbie for the production
of reagents specific for substunces of biulugices interest. In cullebore-
tion with Dr. ifirler, the new enzyume prepiritiun is being euwpioyed fur phys-
julogicas studies on the presence of crectinine in tissucs end body fauids,

und for a aessure of renas function.

The trensforuction of specific types of uneusccuccus. (Mucleod)
In the reactiun system used in tne trinsfermution of gneumococcaa types
in vitru, three compunents &re required in aadition tu tne bruth used &s
culture medium; 1) iiving R pneumucocci, 2) the specific trensforming ex-
tract prepared from smooth pneumococcel ceils - the bucteriel fuctor, and
3) serun known to cpntain cn uccessory factor, serum factor.

Further cbservetions nave been mude un some of tne properties of

the specific or bacterial fectur. It nes been found tu be extremely sabile

L
ﬁ
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if expused tu wtra-violet .ignt, but resists oxidution ws by tne actiuvn of

iudine ur expusure tou stmospneric air in & snc.iiow iwyer et 579, The spec-
ific ugent is mure stubie tu neat ut wmcid recctivn in & sciution centuining

50 per cent etiyl wicohul tnen if heuted in aqueous soiution unaer the sane
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conditiovns. Enzyme prepurations lmuwn to be uign in pnusphatese ectivity,
such &8 bune phusphatase prepearati.ns, very quickiy inwuctivete the specific
becteriel factor, but it is not neld frum the evidence that the specific
agent 1s necessarily of the nature of & phusphoric ester, incsmuch as such
enzyme preparations probubly countain uther enzymes thun tne preduminant
shospinatase. Further precipitaticn of bscterisl extrects hus been accom-
plished by depruteinizati.n by the use of chioroform end emyl wicohol after

tne methud of Sevag, followed by repeated froctionatin in cicuitui. How-

ever, nu selective mesns .f isoisting tne specific fracti.n nus yet been
discuvered.
Tne third comp.nent ef tae reuctl.n systes used in tne trensf.oruoec-

tiun of pneumucuccas types, numety tne ccecess.ry fact.r present in seruam,

hss been mure extensively stuaica. It hes been suown previiusiyy tnut rubbit
serum, normal swine serum, end numan ascitic wr pieurzl fiuld cuntein the
nccessary serum factor. However no serum or fiuia nus yet been fuund tu
functiun in the transfurming system that nas nut conteined auggiutinins fur

R pneumococcli. This fact suggests that the R antibodies are in sume wey

related to, if not responsible fur the accessory actiun of serum in the

transforming process. When serum is fractionuted the accesscry factor and:

also the antihodies are contained in the globulin frection. Tast complement
is not concemned in the reactiun is shuwn by the fact that neeting at 60¥C

for 30 minutes, which cumpletely inactivates the cumplement, dues nut impair
the capucity of serum to function as &6CGSSer substunce. Under tnese con-

ditions the R entibudies remsin uneffected. Tnese substences and cise tae
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accessory factor are destroyed wnen serum is neated at 7u°c, & tewmperature
at wnich tne serum proteins are denatured. Although tae presence of R anti-
bodies and the uccessory factor of seruun are intimate.y sssociatea, it does
not necessarily follow tnat they are identical. Wniie it is true tnat no
serum has functioned as accessory substance whicn has not contained demon-
strable R antibodies, thg converse of this does not nold true, nemeiy, that
all sera containing these antibodies necessarily act in the transforaing
system. It has been of common occurrence, when uifferent sera of equal anti-
R titers are tested,to find that one may function and another completeiy

fail to act as accessory factor in the reaction of trunsformation.

The evidence so far obtained therefore, indicates that the serum
factor necessary in tne transformation reaction is contained in the giobuiin
fracti n, is not identicai with comp.ement, and that it is reintive.iy stab.e,

resisting heating at 60° for 30 ninutes.
AlL sera, moreover, are not effective in tnis reuction. It hsus
been found that while sera of patients active.y ill wita .neumonisz or other

acute infections, may function &s tne serum fuctor in tae transforumation,

sere from normal persons and persons during convaiescence from pneumonia
fail to act, It has further been found that normal and convuiescent sera
not only fail to act, but when these séra are added to the bucterial trens-
forming agent, they so modify the latter that po transformation occurs even
when serum known to contain the accessory factor is added.

Vhen normal or convelescent serum is heated to 600C et &n aikaiine

reaction, which temperuture does not destroy tne serum fuctor, the heated
serum is as effective in promoting the trunsforustion reuction &s is serum
from acutely 11l pztients. It is evident, therefore, thut there 1s something
in normzl serum which destroys or prevents the action of tae bacterial fac-

tor and that this agent in normal serun ey be destroyed by neuting at 60°
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at an alkaline reaction., It seems not improbable that this substance is of
the nature of an enzyme.

This enzymatic substance, however, mcy be isoleted from &li humen
serum, whether normal or serum obtained during the wcute phase of pneumoniz.
Isolation is accompiished by aicohol fructionation of the serum. The iso-
lated enzymatic fraction of ucute phase serum inactivates the transforming
principlie sathough the whole serum from whicn tne fraction was derived does
not do so. AiL numan sera therefore, not onuy contain tne uccessory factor
nccessary for transformetion, but they are &.i potentieiiy cb.e to destroy
the specific bucterial fuctor.

The reuson tnat acute phuse serum is active in the trensforaming
process wnile convalescent or normal serum is not, 1s therefore probabiy to
be explained by tne'presence in acute phuse serum of an antiferment wnich
is absent from normal serum.

Studieg on_ the antigeq;p mosaic of pneumococcus. (Avery, Geobel,

and MacLeod). In the course of experiments on the nuture of the capsular
rntigen of Type I pneﬁmococcus, a hitﬂérto unfecognized fruction of the cell
has been isoluted. This material, designated the "2 éubstance" is tentative-
ly regarded as a protein which in meny of its chemicei propefties resembles
the alconol soluble globuiins, the so-called protamines, of plant tissue.
The Z substance in the present state of purity conteins approx-
imate;y 15 pef ceni ;itfogen, E.per»éeﬁt sﬁifﬁ}, butvnb ynbsgnorus. ”In
aqueous solution tﬁis Subst&nce‘gives the usuai protein cotor reactions;
ahd is precipitated from soiution by tricnioracetic acid, picrie, pnoépno-
stungstic end euwsfosalicytic acids., In the foram of the nydrochioride it is
solubie in 80-90 per cent aicohoir and as tne picrate it is soiubie in 70 per
cent acetone. The solubility of Z in acidutated alcohol and its property of

forming acetone-soluble picrates have been utilized in devising methods for
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extrecting the material froa the bucteriul ceilis. Tne substance nes @ snerp
isoeiectric point, precipituting compretesy from sovwutions adjusted to pH
4.7,

Tne 2 substance derived from Type 1 pneumococci is wntigenic in
rabbits end gives rise to tne formution of type specific entibodies. The
serum of imnunized rubbits sgglutinutes Type I ceiris end confers specific
protection on mice against infection with viruient orgunisms of the noamolo-
gous type. Interestingly enough, however, tunis immune serum does not react
in precipitin and complement fixction reactions with Type I capsular poly-
saccharide,

Further work is in progeess on the chemistry and immunology of
this particuler fraction which wppeurs to be concerned in the type specific
mechenism of the cell.

Comparetive viruience of imeumococei impitnted on the respiratory

mucous wesbrenes of mice by tne innsiution metnod. (Stiitmen). In order

to determine what importence the viruience of tie infecting orgunism piuvys

in tne severity of tne tctuul aiseuse, tae reautive invesiveness of different
streins of freshiy isoiuted pneuinccocci nus been tested in mice by tne in-
nalution method. As soon &8 posgsibie ufter isosution of & cuiture from u
petient with lobar pneumonia, tne virulence of tne strain nss been tested by
spraying 10 mice with the orgenisms. At tne same time viruience has been

determined by injecting mice int ruperitonealiy witn amounts representing

1075 and 106 cc. of the original cuiture. In tne case of the mice exposed
in a closed chamber to un atmosphere laden with Types I or II pmeumococci,
no infection resulted unless the animels were intoxicated with aicohoir just
prior to exposure. It hus been found tnet fresniy isolated Type I pneumo-
cocci have little invasive virulence for mice &s tested by impliantation on

the mucous membranes by inheletion. Indeed, even wnen injected intreperit-
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oneally in the diiutions used oniy an occasionai strain proved feta..
Type II orgenisms, on the contrary, were quite invasive wihen tested by in-
naaration end reguiersy kiiied mice wiaen injected intruperitonew.sy. Tie
Type 1II azna VIII streins siowed grewt veriations. Astnouga taey were uni-
foraly viruient woen tested intruperitonea..y, onugy ¢ few ostreing were found
to invade by wey of the aucuus wembruines, tne awjority of custures feiiing
entireiy to incite infection when introducea by tais route.

The ciinical course of the spuntancous disecase in patients is be-
ing correlated with the virutence of tne infecting pneunocoucci as tested in

mice by the inhzlation method.

Specificity of conjuguted cocrbuigyarate-protein antigens contuining

glucuronic and pulacturonic acids. (Goebel ond Hotcnkiss). The uronic wcid

constituent of the encepsulating polyssccaurides of viruient pneumococci
appears to be of gpeciel significince in aetermining seroiogica. properties.
In certuin of tnese tipe specific subst.nces, giucurunic ecid is f.und es
an integrai part of the molecure wnile in otners ga.&cturonic wcid foras &

part of the encupsuisting .acterici. It uis of iuterest tocrefore to cuin-

pure the imaunovsugice. prupertics of wrtificicasy coupuoundea sntigens con-
tuining giucuruvnic wnd gesucturonic teids, since tne sterevcuasalcua config-
uration of tnuse twe substunces is gnown. In tais .enner it snouid be pous-

sible to estabiish directly tne reiationsnip between tne cneamicul counstitu-

tion of these biologically iaportunt tcclas end tae specificity of the anti-

bodies to which they give rise.

vinen rubbits are immunized with ago-protein antigens cuntaining
glucuronic and gulucturonic acids, the untibodies elicited ure specific and
show no serological cfossing. Since tne configurction of the uronic acid
rudicel of each untigen differs only by &n intercnengs of tne H and OH
groups on the fourth curbon atom, the sharply defined aifferences in iaman.-
logical prouperties must be directiy ecttributebie t.. this fundemented differ-

ence in cheaicul ecwnfigurction,
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Fron a compurison of tne imnunosiogicuir properties of antigens con-
taining tne benzyl glycosides of g.ucose and gaisctose witn antigens con-
teining tne hexose uronic acids, it nas now been found tuat each gives rise
to antibodies wnich are specific and which show no serciogicas crossing.
Differences in the immunological properties of these sugar and sugar acid
antigens is consequently attributed to differences in polarity of the group-
ing occupying the sixth position in each carbohydrate radicel as vell as
differences in configuration within the sugar molecule. In the glucoslde and
galactoside molecules this grouping is a primary alconol (CHuOH), whereas
the polar carboxyl group (COOH) occupies tnis position in the giucuronide
and galacturonide. Thus & new &nd important fuctor must be tuken into con-
sideration in understanding the specificity of simuyle tarbolydraztes and
their uronic acid derivutives, name.y tie poierity of groups in the umosecuse.

Tne artificial szo-protein entigens contuining g.ucuronic und ges-
scturonic acids bear & striking iuanunorogicul resuationsaip to thne specific
pneumococcus poiysaccnurides, for the entigens, in diiutions ¢s aigh as one
part in a miiiion, precipitate in wntipnewaococcus sera. Tne nexose &nti-
gens, containing glucose and gulactose, on the other nend show no seroiogical
activity in these same antisera.

It has been faund by Dr. Hotchkiss that synthetic hlgh molecuiar
polymers bearing carboxyl and hydroxyl groups as substituents upon a long
chain of carbon atoms precipitate specifically in antipneumococcus horse
serum Type III. The reaction stili occurs at a diiution 1:300,000 of the
polymer, but there is no precipitation even in much nigher concentrations in
antipnewsococcus serum Type IIT previousiy absorbed with nomoiogous poly-
saccharide or in umabsorbed Types I and II immune ser:z. The reactive syn-

thetic substunces were prepared by tne poiyuwerizution of ucryiic acid with

[
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vinyl acetate, followed by soponification of the ecetyl groupings. These
haptens, in contrast to the &zo-proteins, are entirely syntnetic and their
chemicul constitution is quite well understood.

The precipitetion of uronic acid azo-protein antigens «¢nd of syn-
thetic acidic polymers in antipneumococcus serz is beiieved to be cacused by
& neutralization of the charge of the basic groups of the antibody molecuse
by the acidic group of the untigen. Tnis hypotnesis is in part substentia-
ted by the fuct that when the zmino groups of pneuaccoccus entibody sre acety-
iated, the resuiting acetyicted protein fuiis to precipitate eny of the acid-
ic antigens. This mecnecnism is in purt believed to be tae reuction under-
1ying tae cowbination of antibody with nowmoiogous type specific pneumococcus
polysuccnarides. The specificity of tais phenoaenon auy possibuy be gov-
erned by the arrangement in spuce of the porer groups of tne nupten moiecuie,
wnich in turn conaition the spatiul pattern of the reactive groups of the

entibody molecule.
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